For governments who want to improve their economies via fiscal, monetary, trade or exchange rate policies, the tradeoff between the inflation rate and the unemployment rate is extremely important. This tradeoff has become known as the Phillips curve. Among economists there is no consensus on how to model and estimate the Phillips curve. Ideally, all the factors that could affect the Aggregate Supply and Aggregate Demand curves should be included in the model including exchange rates, transportation costs, infrastructure, weather, income distribution, etc. No researcher has created a model that could not be criticized for omitting some important variables. This paper use Bi-Directional Reiterative Truncated Least Squares, a statistical technique that solves the omitted variables problem, to estimate the tradeoff between inflation and unemployment for 34 countries between 2002 and 2017. I find that this tradeoff varies noticeably from country to country in a given year, but that many of these tradeoffs move in the same direction over time. This common direction of movement implies that the international context for the vast majority of the countries studied is affecting the inflation versus unemployment tradeoff.
I Introduction
In addition to increasing growth, most governments want to reduce unemployment and keep inflation at low and stable levels. However, most of the government's tools for achieving the inflation and unemployment goals -fiscal policy, monetary policy, trade policy, and exchange rate policy -tend to help one goal while hurting the other. Thus these governments are faced with hard choices about how far to push its economic policies. One key to making optimal decisions in this context is to know the tradeoff between inflation and unemployment. This tradeoff has become known as the Phillips Curve. Unfortunately, the Phillips Curve is instable, shifting often. To use traditional statistical methods to estimate the Phillips Curve would involve creating a structural model that includes every force that can affect inflation, unemployment and their tradeoff. After every equation in this model was correctly specified and estimated the model could be solved for the inflation and unemployment tradeoff. However, this is a daunting task that could involve hundreds of equations -equations that different economists would model in different ways. Consensus would be impossible. This paper uses a statistical technique that produces a separate slope estimate for every observation where variations in these slope estimates are due to omitted variables. This technique makes it possible to estimate the tradeoff between inflation and unemployment without having to construct, justify, and estimate an entire structural model. This technique produces total derivate estimates that show all the ways that unemployment and inflation are related; in contrast to partial derivatives that show the effects of unemployment on inflation holding all other variables constant. In other words, this technique produces exactly the type of estimate that governments need to know. Finally the data requirements for this technique are minimal -only data on the inflation rate and the unemployment rate are needed. This technique is the most efficient way to give governments the information that they need on the tradeoff between unemployment and inflation.
The remainder of this paper is organized as follows. Section II explains the technique used and how it will be applied to estimating the Phillips Curve. Section III presents the empirical results. Section IV concludes. . The one exception to this method of calculating the inflation rate was for 2017; because OECD. Stat did not list CPI data for 2017 as of the writing of this paper, I used the OECD's calculation of the inflation rate for 2017. The number of unemployed people (of all ages, genders, and durations of unemployment) was divided by the number in the labor force and multiplied by 100 to obtain the unemployment rate.
II Data and Estimation Issues
To use traditional regression procedures to estimate the percentage change in the inflation rate due to a one percent drop in unemployment, d(inflation rate)/ d(unemployment rate), a researcher would have to build a structural model that included all the forces that affect inflation and unemployment. Forces that should be modeled include government spending and taxing, monetary policy, the prices of imports and exports, exchange rates, the productivity of labor and capital, weather's effects on crop prices, transportation costs, consumer attitudes towards debt, etc. Paul Samuelson and Robert Solow ended their 1960 article that popularized the Phillip's curve with the following disclaimer:
"We have not here entered upon the important question of what feasible institutional reforms might be introduced to lessen the degree of disharmony between full employment and price stability. These could of course involve such wide-ranging issues as direct price and wage controls, antiunion and antitrust legislation, and a host of other measures hopefully designed to move the American Phillip's curve downward and to the left."
Samuelson and Solow are correct -an adequate model of the Phillip's curve also should model institutional considerations that affect employment and inflation. Instead of modelling all of the above issues, most of the Phillip's curve literature has struggled almost exclusively with how to model inflation expectations (for example, Lakić, Šehović, and Drašković (2016) focus primarily on keeping inflation expectations low). Clearly inflation expectations are important to the Phillip's curve. However, if, as the next paragraph shows, it is so hard to model one thing -inflation expectations -that shifts the Phillip's curve; it is indeed impossible to adequately model all of the forces that could affect the inflation/ unemployment tradeoff in a way that would be acceptable to all economists. Roberts (1995) argues that inflation expectations are crucial to estimates of the Phillips curve and that the best way to find these expectations is to use surveys. In contrast most subsequent studies of the Phillips curve do not go to the trouble of finding inflation expectations via surveys. Debelle and Laxton (1997) show that a non-linear curve fits the relationship between unemployment and inflation better than a straight line. Again, this revelation is ignored by most subsequent studies. Akerlof et al (2000) argue that how actors use inflation expectations is more important than how they formulate those expectations. For example when inflation is low, actors might just ignore the prospect of future inflation. Mankiw and Reis (2002) argue that information might be "stickier" than prices and they suggest a reformulation of the Phillips curve accordingly. However, again, most subsequent researchers do not attempt to model the rate of diffusion of information. There is a heated debate in the literature on whether inflation expectations are forward or backward looking, and thus on how best to model them; for examples, see Rudd and Whelan (2005) None of the literature considers all the possible factors that can move a country along a given Phillips curve and all the factors that could shift that Phillips curve. Anything that can shift an Aggregate Demand curve would move along a given Phillips curve including changes in fiscal policy, monetary policy, business expectations (of profits, inflation, growth, etc.), credit, consumer attitudes towards debt, income distribution, export and import prices, exchange rates, transportation costs, trade agreements, etc. Furthermore, the interplay of these factors would affect the shape of the Phillips curve. Forces that can shift the short run Aggregate Supply curve would shift the Phillips curve. These factors include tax systems (who is taxed and at what level), technology, cost of inputs (including wage rates and the cost of imported inputs which again introduces the exchange rate and all of its determinants), transportation costs, and changes in the environment (weather, infrastructure, institutions, etc.). At the very least, using traditional regression analysis to estimate the Phillips curve should require the modelling and inclusion of all the forces that could shift the short run Aggregate Supply curve. Once all these forces are model and each curve in it estimated, then a reduced form equation could be derived for the relationship between inflation and unemployment. The resulting equation would be a total derivative. Directly estimating this total derivative using traditional regression techniques would produce biased and inconsistent estimates because it would be plagued with omitted variable bias.
Fortunately there are ways to estimate total derivatives that capture the effects of omitted variables without having to construct and estimate entire structural models (Inoue, Lafaye de Micheaux, and Leightner, 2018) . If a researcher estimates equation (1) while ignoring equation (2), the resulting estimate of β 1 is a constant when in truth β 1 varies with q t . 1 This constitutes an "omitted variable" problem where "q t " represents the combined influence of all omitted variables plus any random variation in β 1 itself.
One convenient way to model the omitted variable problem is to combine equations (1) and (2) to produce equation (3).
Equation (7) can be derived from equation (3) as shown below (Leightner, 2015 (Leightner, , 2010a , and 2010b; Inoue et al, 2018; and Leightner and Inoue 2012b). (4) and (6) (7) If an estimate for α 0 could be found, then it could be used to calculate a separate slope estimate for each observation using equation (8) . The error due to such a procedure is shown in equation (9) . The u t /X t term in equation (9) should be extremely small because random error, u t , is usually tiny relative to the size of X t , making u t /X t even smaller. This implies that the accuracy of calculating a separate slope estimate for each observation using equation (8) depends primarily upon the accuracy of the α 0 estimate. (7) and (8) (10) is used with the resulting layer slopes to estimate α 0 . Leightner and Inoue (2012b) explain the math that underlies BD-RTPLS.
(dY t /dX t )^ -Y t /X t = -α 0^ /X t (8) rearranged
Inoue et al (2018) show that when the omitted variable problem is ignored by estimating equation (1) Inoue et al (2018) run sets of 5,000 simulations each for the 27 combinations of 100 observations, 250 observations, and 500 observations with the omitted variable making a 1,000 percent difference to the slope, a 100 percent difference to the slope, and a 10 percent difference to the slope, and with random error being zero, one percent, and ten percent. Inoue et al (2018) gives the name "Variable Slope Ordinary Least Squares" (VSOLS) to the process of using OLS to estimate α 0 which is then plugged into equation (8) to generate a separate slope estimate for each observation and the name "Variable Slope Generalized Least Squares" (VSGLS) to the process using GLS to estimate α 0 which is then plugged into equation (8) .
VSGLS and BD-RTPLS noticeably out performed VSOLS in all simulations. VSGLS and BD-RTPLS outperformed using OLS while ignoring the omitted variables problem except for the case where the omitted variable makes only a ten percent difference to the slope and random error is ten percent. When the importance of the omitted variable was 100 times as big as random error, using OLS while ignoring omitted variables produced approximately 35 times the error of both VSGLS and BD-RTPLS. When the importance of the omitted variable was 10 times as big as random error, then using OLS while ignoring omitted variables produced approximately 3.8 times the error of both VSGLS and BD-RTPLS. When there was no random error, then BD-RTPLS produced less than half the error of VSGLS. 2 This last result implies that, since VSGLS is BLUE, BD-RTPLS must be better than BLUE when there is no random error which is reasonable if BD-RTPLS is better at capturing non-linear aspects of the data. Published applications of BD-RTPLS include Leightner, 2015 , 2013 , 2011a , 2011b , 2010a , 2010b , 2008 , 2007 , 2005a , 2005b , 2002 and Leightner and Inoue, 2012a , 2012b , 2008a , 2008b . The next section of the paper uses BD-RTPLS to estimate the percentage change in inflation due to a one percent decrease in unemployment (the Phillips Curve) for 34 OECD countries between 2002 and 2017.
BD-RTPLS can only estimate positive relationships, and the Phillips curve shows a negative relationship between inflation and unemployment. To change this negative relationship into a positive one, the dependent variable (inflation rate) was multiplied by the negative one and then a constant was added to all observations so that they would become positive. This process changes the negative slope into a positive one without changing the absolute value of the slope (Leightner, 2015) . In 2011 the US inflation rate was higher than it had been in 2009 and 2010, yet the Phillips curve appears to shift left in 2012, contrary to expectations. Clearly either (1) more than just inflation expectations shift the Phillips curve or (2) the current inflation rate has very little impact on expectations for future inflation. Although Figure 1 clearly shows that the US's Phillips curve is shifting, it is possible to draw annual Phillips curves through Figure 1 's data which have similar slopes; in other words, for which the percentage change in inflation due to a one percent decline in unemployment was relatively stable.
III The Empirical Results
The BD-RTPLS estimates for d(inflation rate)/d(unemployment rate) are given in Table 1 and graphically depicted in Figures 2 and 3 (notice the difference in the y-axis scale between Figures 2 and 3 ). The gaps in Table 1 (and in Figures 2 and  3) for Mexico, Sweden, Switzerland, and Turkey are due to OECD not reporting unemployment or labor force data for those countries in those years. Ninety nine percent confidence intervals were constructed by using the Central Limit Theorem (Equation 11) applied to a given estimate and the two estimates before and the two estimates after it for a given country where "s" is the standard deviation, "n" is the number of observations and "t" is from the Student's T Table. Confidence interval = mean + (s/√n)t n-1, α/2 (11) Each estimate (except for the first two and the last two estimates for a given country) will have its own confidence interval. This confidence interval implies that a researcher can be 99 percent confident that the next estimate will lie in that interval if omitted variables fluctuate no more than they recently have fluctuated (Leightner 2015) . Furthermore, if this confidence interval includes zero, then we cannot be 99 percent confident that there is a relationship between the inflation rate and the unemployment rate. Only Iceland in 2008-2009 had a 99 percent confidence interval that contained zero. Thus all estimates, except those for Iceland in 2008 and 2009, given in Table 1 are significantly different from zero at a 99 percent confidence level.
As One of the most noticeable patterns in Figures 2 and 3 is that, even though the level for d(inflation rate)/d (unemployment rate) varied noticeably from country to country, this tradeoff tended to move in similar directions for different countries. For example, the percentage change in inflation due to a one percent fall in unemployment declined in 2009 for thirty countries and rose in that year for only four countries -Belgium, Germany, Latvia, and Luxembourg. Apparently the global context for any given country has a noticeable effect on whether the tradeoff between inflation and unemployment is rising or falling, and this is true for the vast majority of countries. This result dovetails with Dumičić's (2017, p. 95 and 104) view that financial instability can be and has been a global phenomenon. Furthermore, some of the countries with the lowest inflation to unemployment tradeoffs in 2009 were countries most hurt by the Great Recession -Greece (2.86), Iceland (2.47), Ireland (2.79), and Spain (1.62). Japan, whose inflation to unemployment tradeoff was always noticeably higher than the mean tradeoff, has struggled with increasing inflation since the 1990s.
IV Conclusion
As long as countries continue to use fiscal, monetary, trade, and exchange rate policies in order to improve their economies, the tradeoff between inflation and unemployment will be extremely important. Countries need to know how their efforts to reduce unemployment will affect inflation and vice versa. However estimating this tradeoff using traditional statistical methods would require creating structural models that capture everything that can shift the short run aggregate supply and aggregate demand curves including changes in technology, cost of inputs, transportation costs, the environment (including weather, infrastructure, and institutions), fiscal policy, monetary policy, trade policy, exchange rates, income distribution, attitudes towards debt, producer and consumer expectations on growth, inflation, employment, income, and profits, etc. Even if such a model could be constructed, economists would disagree on the adequacy of its specification and complexity. This paper used a technique that captures the influence of omitted variables without having to find proxies or instruments for them and without having to construct a structural model. This technique produces a separate slope estimate for every observation. Variations in these slope estimates are due to omitted variables. Using this technique, I find inflation versus unemployment tradeoffs that are reasonable. These estimated tradeoffs are reduced form estimates (total derivatives) that capture all the ways that inflation and unemployment are related. They are NOT partial derivatives that show the effects on inflation of a change in unemployment holding everything else constant. These estimates should be helpful to governments trying to formulate optimal policy combinations.
Fabris (2018, p. 7) says, "There are no trade-offs between inflation and unemploy-ment…There is no longer theoretical or empirical evidence nowadays to confirm the existence of a long-term trade-off between inflation and economic growth. Any potential use of trade-offs could only bring more uncertainty regarding inflation in the future." This paper confirms Fabris' (2018) view that there is no stable value for the percent change in inflation due to a one percent change in unemployment. However, this paper presents a technique that can estimate how that tradeoff is evolving which resurrects the usefulness of that trade-off. 
